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It is this apparent cross-species
discrepancy that Bunzek et al. [2]
address in their article. What they
found using MEG is that, when human
subjects are told that they will earn
a reward (money) for responding
correctly, novel stimuli evoke larger
responses than familiar stimuli in
signals recorded over the left temporal
lobe in a time window of 85–115 ms
(Figure 2). This latency in humans,
given our larger brain size, is consistent
with the latency found in monkeys.
The explicit reward instruction was
necessary as, when subjects were
simply requested to make a novel
or familiar judgement, no change
was found at such an early latency
(Figure 2) — though changes were
evident in a longer latency window [2].
In a further potential cross-species
parallel, recordings in monkeys have
also found that perirhinal neuronal
responses can be influenced by the
reward value of stimuli [20].
Hence, in their carefully
counterbalanced study, Bunzek et al.
[2] show that a short-latency novelty
signal is only detectable when the
subjects are working for reward (a
condition that accords with that used in
monkey studies). As they suggest, this
reward-related difference presumably
arises from a difference in the subjects’
attentive or behavioural (motivational)
set. Inspection of their results does not
suggest that the increasing subjects’
motivation made otherwise small signal
changes detectable merely by
increasing their size or consistency,
but their findings do not exclude this
possibility. The finding of such
a difference dependent upon the use of
direct reward raises the general issue
of the dependency of human imaging
findings on the precise instructions
given to subjects, and emphasises the
importance of carefully paralleling
experimental conditions when making
cross-species comparisons.
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R647Reproductive Biology: Receptor-Like
Kinases Orchestrate Love Songs
in Plants
Genetic studies have identified a family of receptor-like kinases (RLKs) involved
in the control of reproduction in the model plant Arabidopsis. Each RLK-
dependent signaling pathway is active in cells associated with either male or
female gametes. Collectively, these RLKs control the delivery of sperm cells to
female gametes.Frederic Berger
Fertilization requires gamete attraction
and recognition, which is based on
exchanges of signals between themale and female gametes, and
associated cells. In flowering plants,
male gametes — also called sperm
cells — are carried by the pollen tube to
the female gametes (Figure 1A) [1,2].Each pollen grain contains two sperm
cells. An initial recognition step occurs
between the pollen grain and the
papillae that protrude from the ovary
receptor organ called the stigma [3].
This recognition step rejects
non-specific pollen and, in certain
self-incompatible species, pollen from
the same plant. Once recognized as
compatible, the pollen grain emits
a growing tube that penetrates inside
the ovary and is guided by long-range
cues toward the ovules [4]. Distinct
short-range cues guide the pollen
tube to the embryo sac, which contains
the gametes. A recent report has
identified these short-range cues as
cysteine-rich small peptides produced
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Figure 1. A sub-class of receptor-like kinases (RLKs) controls the maintenance of pollen-tube growth and sperm-cell delivery in Arabidopsis.
(A) Compatible pollen grains recognized by the stigmatic papillae germinate a pollen tube. Pollen tubes transport sperm cells towards the
embryo sac, which contains the synergids and the two female gametes, the egg cell and the central cell. The short-range attraction of the pollen
tube is mediated by small peptides produced by the synergids. It is known that the RLK SRN/FER, which is expressed in the synergids and
likely to be enriched in the filiform apparatus, is required for pollen-tube arrest and rupture, an event allowing the delivery of the sperm cells
to the female gametes. (B) In srn/fer mutants, the pollen-tube fails to rupture upon reaching the synergids and continues to grow inside the
embryo sac. Before reaching the embryo sac, pollen-tube growth is maintained by continuous signaling involving the RLKs ANXUR1 and
ANXUR2, which are expressed in the pollen tube and belong to the same RLK sub-clade as SRN/FER. (C) In anxur mutants, the pollen tube
ruptures before reaching the embryo sac.from the pollen-tube receptor cells
of the embryo sac, the synergids [5].
The pollen tube contacts the synergids
and ruptures, causing the sperm
cells to be expelled until they become
wedged between the membranes of
the two female gametes, the egg cell
and the central cell, with which
they subsequently fuse [6–8].
Since flowering-plant sperm cells are
not motile, the control of the timing of
pollen-tube rupture is essential for
proper delivery of the sperm cells. The
embryo sac, which contains the female
gametes and the synergids, controls
pollen-tube rupture and sperm-cell
delivery. If the female gametes do not
reach proper maturity or embark on
division in the absence of fertilization,
the pollen tube no longer ruptures [9],
which indicates that the embryo sac
signals to the pollen tube. This signal
involves a receptor-like kinase (RLK)
expressed in the synergids. The
receptor kinase was isolated from the
study of the allelic mutations sirene
(srn) and feronia (fer), which prevent
pollen-tube rupture [6,10]. A wild-type
pollen tube facing srn/fer synergids
enters the embryo sac but keeps on
growing and does not release sperm
cells (Figure 1B). SRN/FER is
expressed at the plasma membrane of
the synergids [11], and the production
of a male ligand was logically
hypothesized. The ligand was not
identified, but the report by Miyazaki
et al. [12], in this issue of CurrentBiology, characterizes two RLK sister
genes, ANXUR1 (ANX1) and ANXUR2
(ANX2), that are expressed in pollen
and control rupture of the pollen tube.
ANX1 and 2, which are among 620
genes encoding RLKs in the
Arabidopsis genome, are expressed
in stamen and are the closest paralogs
of SRN/FER. Pollen grains that harbor
the two mutations anx1 and anx2 are
unable to fertilize wild-type ovules.
The rare anx1/anx2 homozygous
double mutant plants recovered from
self-pollinated anx1/+;anx2/+ plants
are sterile. Double mutant anx1;anx2
pollen tubes tend to rupture
prematurely during their growth
towards the ovules (Figure 1C). It
is thus striking that several RLK
paralogs expressed in both the
male and female reproductive cells
have specialized in the control of
pollen-tube arrest.
It is possible that SRN/FER receives
a signal from the pollen tube that
causes the production of another signal
emitted by the embryo sac then
recognized by the ANX RLKs,
preventing pollen rupture. When
SRN/FER is not functional, the signal
is not emitted and it is not received by
pollen deficient in ANX [12]. However,
this model does not accommodate so
well the fact that anx1;anx2 pollen
tubes rupture far away from the
synergids, the putative source of the
ligand. According to an alternative
model, RLKs would function in acell-autonomous manner. The ANX
ligand would be secreted in the
extracellular matrix at the pollen-tube
tip and would in turn activate ANX RLKs
(a variation of this idea is that the ANX
RLKs could be constitutively activated
by default). This positive feed-back
loop would sustain pollen-tube tip
growth until the extracellular
environment of the pollen-tube tip
encountered a significant change upon
contact with the synergids. The
synergids also secrete an extracellular
matrix along an invaginated membrane
protrusion, the filiform apparatus, that
is essential for pollen-tube reception
[13,14]. It is possible that SRN/FER
controls the secretion of its own ligand
in the filiform apparatus matrix. Once in
contact with the pollen-tube tip, the
SRN/FER ligand would perturb
signaling through ANX, leading
to pollen-tube rupture.
The identity of the ligands of the
RLKs remains unknown. However, it is
not impossible that small peptides
emitted by the synergids play a dual
role in the control of pollen-tip growth
maintenance and in pollen-tube
attraction. These small peptides have
been identified in maize and Torenia sp.
[5,15], but they need to be identified
in Arabidopsis in order to test their
potential role as ligands for the RLKs
controlling pollen-tube rupture.
The srn/fer phenotype is also
observed in lorelei mutants,
which are defective for a
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(GPI)-anchored protein expressed
in the synergids [16]. It was thus
hypothesized that both LORELEI and
FERONIA participate in the same
signaling pathway. Interestingly, the
paralogs of LORELEI, SETH1 and
SETH2, encode GPI-anchored proteins
in pollen vegetative cells and their
loss of function prevents pollen-tube
growth [17]. It is thus likely that the
arrest of pollen-tube tip growth
requires the function of different family
members for each component of the
signaling cascades acting in parallel
in the synergids and pollen tube.
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Sexual reproduction in plants involves
a double fertilization event that
produces the embryo (2n) and the
endosperm (3n) (reviewed in [1]). The
triploid endosperm is created when the
central cell of the female gametophyte
(2n) is fertilized by a 1n sperm cell.
The balanced development of the
endosperm and embryo is critical for
the production of viable off-spring.
The majority of cereal grain is
endosperm tissue (Figure 1) and a large
proportion of our food supply is derived
directly or indirectly from the
endosperm. The endosperm is
important in determining the viability
of crosses [2] and has unusual
chromatin organization [3] and gene
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Detailed studies of the mechanism of
genomic imprinting in plants have
identified roles for DNA methylation
and histone modifications [1,5].
Expression of the DEMETER (DME)
protein, a DNA glycosylase that can
remove DNA methylation [8], in the
central cell leads to activation of the
maternal alleles for some imprinted
genes [1,5]. The paternal allele is kept
silent by DNA methylation for some
genes and/or through histone
modifications by Polycomb group
proteins [1,5]. Interestingly, there is
evidence that the maternally expressed
allele of some imprinted genes is
required for maintaining the silence
of the paternal allele [1,5].
Recent work by Gehring et al. [9] and
Hsieh et al. [10] provides evidence for
genome-wide demethylation of the
maternal genome in Arabidopsis
endosperm tissue. The genome-wide
demethylation of the maternal genome
is consistent with previous
observations of maize endosperm [11].
Gehring et al. [9] combined endosperm
methylation profiling with expression
